Abstract. The (18, 19) .
cycle exercise were investigated in 24 male cadets during a 5-day military training course. Significant increases in the morning levels of noradrenaline, adrenaline, and dopamine, and a decrease in PRL were ascribed mainly to physical strain. Cortisol and hGH increased, whereas insulin and glucose decreased mainly due to energy deficiency. Pulse rate after the bicycle test was unchanged and similar in all groups in spite of increased catecholamine responses. The increased catecholamine response was mainly due to physical strain. The cortisol response to the bicycle test was increased in all groups, and energy deficiency caused slower postexercise recovery. The incremental hGH response to the exercise test was unchanged in the energy-deficient subjects but abolished in the wellfed subjects. The results suggest that the endocrine responses during long-lasting exhausting strain were mainly due to physical exertion and energy deficiency, whereas sleep deprivation did not play any major role.
Physical exercise is known to elicit a multitude of endocrine and metabolic responses appropriate for energy mobilization and cardiovascular adaptation. Thus, there is a gradual increase in the plasma levels of noradrenaline, adrenaline, dopamine and pulse rate with increasing exercise intensity (1, 2) . The serum levels of cortisol and growth hormone are known to increase when a certain workload is exceeded (3) (4) (5) (6) . Short-term physical exercise has variable effects on serum prolactin (7) (8) (9) (10) , and a decrease has been shown during long-term exereise (11) . Serum insulin decreases during shortterm exercise, and glucose is slightly increased (10, 12) .
Only moderate peripheral endocrine and meta¬ bolic alterations have been found during sleep deprivation (13) . Cortisol, hGH and PRL have been shown to increase during night-time, but the dis¬ tinction between the effect of sleep and the natural circadian rhythm is difficult. It seems, however, as if sleep as such increases the serum levels of hGH and cortisol (13, 14) .
In contrast to sleep deprivation, energy defi¬ ciency causes profound changes in the metabolic and endocrine state of the human body (15) (16) (17) .
There are alterations both in the secretion and degradation of hormones and metabolites. The action of hormones on target tissues is altered as are the energy stores. hGH and cortisol have been shown to increase during starvation, whereas the thyroid function is decreased (18, 19) .
Previously, considerable endocrine and meta¬ bolic alterations have been documented during a 5-day military training course with heavy physical exercise, sleep and energy deficiency (10) (11) (12) 14, 20, 21 (Fig. 4) (Fig. 4) (10) . The present investigation with identical workload in the control experiment and the stress experiment shows that this increased response was mainly due to preced¬ ing physical strain.
In the rat it has been shown that fasting reduces noradrenaline turnover in most tissues except the liver (17, 24, 25) . Fasting in humans has been shown to decrease urinary excretion of noradrenaline and increase the urinary excretion of adrenaline (24) . It has been shown that plasma catecholamines are increased in salt-deficient subjects (27, 28) . The subjects in Groups 1 and 3 got only 1-2 g of salt each day, whereas the subjects in Group 2 had 20-30 g of salt each day in their diets. It is therefore noteworthy that this difference in salt intake was not reflected in the plasma catecholamine levels.
In spite of the increased catecholamine response to the bicycle test there was no corresponding in¬ crease in the pulse rate response, indicating an adrenergic desensitization. This desensitization during the course may be due to a downregulation of the adrenergic receptors. Other explanations might be that the plasma levels of noradrenaline do not reflect the release of noradrenaline in the sym¬ pathetic nerve terminals in the heart, or that there is a concomitant activation of the parasympathetic nervous system, which counterbalances the in¬ creased sympathetic activation.
In accordance with previous investigations (5, 6, 10) Growth hormone is known to increase during exercise, and has glucose-sparing effects (10, 29, 30 (10) . The same response pattern was observed during the course as in the control experiment, although at significantly lower levels.
In conclusion, this investigation shows that the large endocrine and metabolic alterations found during prolonged strain combined with sleep and energy deficiency were due to a combination of physical exercise and energy deficiency, whereas sleep deprivation was of only minor significance.
